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Abstract 
Sugarcane (cv. C 9) cultivated in three governorates of upper Egypt (El- 

Menia, Assiut, Quena) were sampled to assess the occurrence and characteristic 
of the endophytic G. diazotrophicus isolated from tissues of plants, as well as to 
determine its abundance in tissues and rhizosphere soil. The 14 endophytic iso-
lates obtained from tissues (roots and stem buds) showed phenotypic and bio-
chemical characteristics identical to those internationally reported in Bergey’s 
Manual of Systemic Bacteriology (2005). No variation were recorded in cell 
morphology of isolates, or colony characteristic and pigmentation, or physiologi-
cal traits due to area of plantation or to N - fertilization scheme practiced. The N2 

- fixing activity of the isolated strains ranged from 12.2:17.6 mg N/ g sucrose 
consumed from culture media (LGI). The enumeration, by the MPN technique on 
LGI semisolid medium, for the endophytic cells in tissues of sugarcane grown in 
Assiut Exptl. Farm of faculty of agriculture, recorded mean numbers of 2.0 – 
15.4 × 105/ g tissues, whereas mean estimated rhizosphere cells ranged from 2.6 
– 16 × 104/ g of rhizosphere soil. 
Keywords: Endophytes, rhizospheric, diazotrophicus, sugarcane, Gluconacetobacter. 
 

Introduction 
The sugarcane bacteria named 

Gluconacetobacter diazotrophicus 
that fix atmospheric nitrogen, which 
was first isolated by Cavalcante and 
Döbereiner in (1988) from Brazilian 
sugarcane tissues (endophytic), is 
mainly characterized by its prefer-
ence for growth in presence of high 
sugar concentration in medium (10% 
or more up to 30%), and acid envi-
ronment (pH around 5.0 - 5.5), and 
microaerophilic aeration. Since its 
first isolation, several reports were 
published indicating its endophytic 
nature and isolation from tissues of 
sugarcane cultivated in different ar-
eas around the world. Also, it has 
been isolated from tissues of unre-
lated other plants like sweet potato, 

coffee, tea, banana, pineapple and 
rice, as well as from rhizosphere 
soils of rage, coffee and banana 
(Muthukumarasamy et al., 2002). 

Fuentes-Ramèrez et al., (1993) 
reported that the level of N-
fertilization of cultivated sugarcane 
is the key factor for the successful 
endophytic existence and association 
of G.diazotrophicus with sugarcane 
plants. They reported that the exis-
tence and density of isolation of this 
endophytic bacteria from Mexican 
sugarcane tissues were severely lim-
ited when mineral N-fertilizers were 
supplied in excess (275-300 kg ha-1). 
This was also reported by other re-
searchers (Muthukumarasamy et al., 
2002). 
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In Egypt, sugarcane plantation, 
particularly in Upper Egypt gover-
norates, is heavily fertilized with 
mineral nitrogen (200 - 400 kg fed-1 

yr-1). This probably, may affect the 
endophytic existence of G. diazotro-
phicus in tissues and association with 
sugarcane plants. 

The present work was con-
ducted to assess the occurrence and 
characteristics of the endophytic 
G.diazotrophicus isolated from tis-
sues of sugarcane cultivated in soils 
of upper Egypt governorates (El- 
Menia, Assiut and Quena), and to 
determine its abundance in tissues of 
sugarcane as well as in rhizosphere 
soil. 
Materials and Methods 

Isolation of G.diazotrophicus 
from Sugarcane (Saccharum offi-
cinarum L.) tissues: 

Samples of young shoots with 
healthy roots and sprouting stem 
buds Fig. (1) were taken from 1 - 3 
years old sugarcane plants, commer-
cial cultivar C9 cultivated at three 
Egyptian governorates of Upper 
Egypt, namely: El- Menia (Mal-
lawy), Assiut (faculty of Agriculture, 
Assiut Farm) and Quena (El- Matana 
sugarcane Farm). 

The plant samples were care-
fully washed with tap water and 
separated into roots, shoots, or 
sprouting buds which were then sur-
face sterilized. One gram of the sur-

face- sterilized samples (root or 
buds) was macerated and homoge-
nized in sterile mortar and pistol 
with 5 % sterile sucrose solution, and 
the homogenized suspension was 
then serially diluted in tubes contain-
ing 9 ml sterile 5 % sucrose solution. 
The diluted plant suspensions were 
then inoculated on tubes of N- free 
LGI semisolid medium: K2HPO4 
0.2g; KH2PO4 0.6g; MgSO2.7H2O 
0.2g; CaCl2.2H2O 0.02g; 
NaMoO4.2H2O 0.002g; FeCl3.6H2O 
0.01g; yeast extract 0.02g; 5ml of 
bromothymol blue (BTB) 5 % solu-
tion in 0.2 N KOH; crystalized su-
crose 100g; agar 1.8 g/l (adjusted to 
pH 5.5 - 6.0) for growth and 
enrichment of the diazotrophic 
acetobacters in the diluted samples 
(Cavalcante & Döbereiner., 1988; Li 
and McRae., 1991). The inoculated 
tubes were then incubated for 5-7 
days at 28 -30o C. The highest dilu-
tion from each sample showing en-
riched growth, in the form of subsur-
face yellow pellicle Fig. (2) was se-
rially sub-cultured on tubes of the N- 
free LGI semi solid medium (for at 
least 5-7 times, every 3-5 days) for 
further enrichment and purification. 
The enriched tubes, showing yellow 
thick surface pellicle were then 
streaked on plates of LGI agar me-
dium (18 g/l) and incubated for 5-7 
days at 30o C for obtaining separated 
colonies.
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Fig. 1. Samples showing roots and sprouting buds of sugarcane plant 

 
Fig. 2. Three-day’s old cultures of isolated strains growing on tubes of LGI semisolid 

media showing the subsurface yellow pellicle.  
 



 
Ahmed, et al., 2016 

 572 

Phenotypic properties and bio-
chemical tests performed on 
strains isolated from sugarcane: 

The pure isolates developing on 
LGI agar medium (3-5 days old) 
were tested for the following pheno-
typic and biochemical tests, and 
were characterized according to Ber-
gey’s Manual of Systemic Bacteriol-
ogy, 2005. 

1- Cell morphology: Gram 
stained smears of the isolates were 
optically examined, and also deter-
mined by scanning electron micro-
scope (Pelczar et al., 1957). 

2- Cell motility in liquid cul-
tures (48 hr. old) by the hanging 
drop method, and by stabbing in 
tubes of LGI medium containing 
0.5% agar (Pelczar et al., 1957). 

3- Catalase reaction by flood-
ing colonies on LGI agar plates with 
10% solution of H2O2. 

4- The ability to utilize various 
C substrates, (at 0.5 – 1.0 % concen-
trations), as sole C source in re-
placement of 10 % sucrose in LGI 
semi solid medium in tubes. 

5- Growth in the presence of 
30 % sucrose in LGI semi solid me-
dium in tubes. 

6- Growth and colony charac-
teristic and pigmentation on modi-
fied 1% ethanol and CaCO3 agar 
medium in plates. 

7- Colony characteristics and 
pigmentation on modified glucose, 
yeast extract, CaCO3 (GYC) agar 
medium in plates. 

8- Colony characteristic and 
pigmentation on potato sucrose agar 
medium (PS) in plates. 

9- Nitrate reduction in liquid 
LGI medium containing 10 mM of 
KNO3. 

10- Phosphate solubilization 
on modified phosphate LGI agar 
medium. 

11- Starch hydrolysis by cul-
tures grown on LGI agar (medium 
containing 0.5 % soluble starch). 
Testing the isolates for N2-fixing 
activity: 

The ability of the isolates 
G.diazotrophicus strains to fix N2 in 
culture medium was tested by two 
methods: 

1- By determining the total ni-
trogen content of 25 ml of the culture 
grown for 7 days in liquid LGI me-
dium by the micro-Kjeldahl method 
(Jackson., 1958), and determining 
sucrose content in medium and 
grown cultures colorimetrically by 
the method described by Dubois et 
al., (1956).  

2- By the acetylene reduction 
assay for the cultures grown on 10 
ml semisolid LGI medium in 30 ml 
vials that were sealed tightly with 
rubber stopper and Para film and in-
jected with 10 % acetylene. After 
one-hr. from injection, 0.25 ml gas 
samples from the vials were removed 
by microneedle and injected in the 
gas chromatography apparatus at the 
Agricultural Research Center, Giza, 
Egypt: Hewlett-Packard 5890 fitted 
with two flame ionization and elec-
tron capture detectors and Al2O3 cap-
illary column.  
Enumeration of G.diazotrophicus 
in rhizosphere soil and in tissues of 
sugarcane grown in Assiut Exptl. 
farm: 
 Abundance in rhizosphere soil: 

Young plants of sugarcane cul-
tivar (C9, second ratoon) were up-
rooted, gently shaken to remove 
loosely attached soil particles. 
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Healthy roots were then separated 
and shaken with gentle agitation in 
90ml sterile tap water in 250 ml Er-
lenmeyer flasks to remove 
rhizosphere soil adhering to roots 
surfaces. The rhizosphere soil slurry 
obtained was serially diluted in tubes 
each containing 9 ml of sterile 5% 
sucrose solution. From each dilution, 
aliquots of 1 ml were inoculated on 
five tubes of LGI semi solid medium 
for growth and enrichment of the di-
azotrophic acetobacter in rhizosphere 
soil. After 10 days incubation at 30o 

C, the number of positive tubes in 
each dilution, showing the typical 
yellow to orange subsurface pellicle, 
were used for calculating the MPN 
of G.diazotrophicus / gram of 
rhizosphere soil using McCradye ta-
ble (Alexander, 1982). 
 Abundance of endophytic 

G.diazotrophicus in roots, stem 
buds of sugarcane: 

Samples (1-2g), of the sepa-
rated washed surface sterilized roots 
or sprouting buds of sugarcane were 
macerated and homogenized in 10 
ml aliquots of 5 % sterile sucrose so-
lution, then serially diluted in tubes 
containing 9 ml of sterile 5 % su-
crose solution. Aliquots of 1 ml from 

each dilution were inoculated on 5 
tubes of LGI semisolid medium for 
MPN enumeration of endophytic 
G.diazotrophicus bacteria per gram 
of fresh plant sample as previously 
described in rhizosphere soil (Alex-
ander, 1982). Tubes showing yellow 
to orange subsurface pellicle after 10 
days incubation were considered 
positive. 
Results and Discussion  

Fourteen pure isolated strains 
were finally obtained after repeating 
subculturing of macerated sugarcane 
tissues and streaking on plates of 
LGI agar medium. Table (1) shows 
labels and source of isolated strains, 
plantation area, soil characteristics 
and N- fertilization scheme followed.     

The identification of the iso-
lated bacterial strains from tissues of 
sugarcane and confirmation of their 
belonging to the species Gluconace-
tobacter diazotrophicus were based 
on colony characteristics of the iso-
lates on the specific agar media as 
well as on diagnostic phenotypic and 
biochemical tests as reported by 
Cavalcante & Döbereiner (1988) and 
described in Bergey’s Manual of 
Systemic Bacteriology (2005).  
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Table 1. Labels and sources of endophytic G .diazotrophicus strains isolated 
from sugarcane (cv.C9) and plantation area of host plant. 

plant 
Plantation 

area of host 
plant 

Soil texture 
and 

pH(1:2.5) 
suspension  

Scheme of N 
–fertilization 
of host plant 
  (kg N / fed) 

Plant 
stage at 

sampling 

Label of 
isolated  
strains 

Source of isolates 

M b1 Young stem buds 

M b2 Young stem buds 
M b4 Young stem buds 
M r5 Roots 
M r7 Roots 

Quena 
Matana Ex-
perimental 

station 

Clay 
pH 7,5 

210 
First 

 ratoon 

M r8 Roots 

El-M r1 Roots 
El-M r2 Roots 
El-M b1 Young stem buds 

El-Menia 
Mallawy 

Experimental 
station 

Clay 
pH 8,0 

186 Third 
ratoon 

El-M b2 Young stem buds 

As1 r1 Roots 
Second 
ratoon 

As1 b2 Young stem buds 

As2 r1 Roots 

Su
ga

rc
an

e 

Assiut 
Farm of Fact. 
of Agriculture 

Clay 
pH 8,1 

186 

Eighth 
ratoon 

As2 b2 Young stem buds 
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Colony characteristics of the iso-
lated strains developing on LGI 
agar medium: 

Colonies of the isolated strains 
from sugarcane tissues (roots or stem 
buds) on LGI agar plates (14-days 
old) were small, 2-3 mm in diameter, 
gummy, smooth, round, yellow to 
deep orange of entire margin. Fig. (3) 
shows size, pigmentation and colony 
characteristics of some selected 
strains isolated from sugarcane tis-
sues. No differences in pigmentation 
or colony characteristic were detected 
due to source of isolation (roots or 
stem buds) or due to sugarcane plan-
tation area (Assiut, El-Menia or Ma-
tana). 
Colony characteristics of the iso-
lated strains developing on PS agar 
plates: 

All strains isolated from sugar-
cane produced large slimy brown 
colonies, 3- 4 mm in diameter, Fig. 
(4). 

Colony characteristics on ethanol-
CaCO3 agar medium: 

The isolated strains from sugar-
cane (roots or stem buds) produced 
distinguishable large blue-green 
gummy colonies with deep blue cen-
ters, probably due to precipitation of 
dissolved CaCO3. Fig. (5). 
Colony characteristics on glucose-
CaCO3 agar medium (GYC): 

Fig. (6) shows the characteris-
tics colonies produced by some se-
lected isolated strains on plates of 
GYC agar medium. The growth pat-
tern of colonies produced on this me-
dium were similar to those produced 
on ethanol- CaCO3 agar medium 
(blue green gummy). But after 3-
weeks of incubation, the colonies and 
the medium in the plates turned to 
dark brown, probably due to over 
oxidation of the glucose present in 
the medium. 

 
               M4                                                         As1 r1                             El-M r1  

Fig. 3. Colonies, 10-14 days old cultures, of some of selected isolated endophytic 
G.diazotrophicus strains on LGI agar medium: (M4) strain from Matana 
sugarcane; (As1 r1) strain from Assiut sugarcane; (El-Mr1) strain from EL- 
Menia sugarcane. 
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                      M1                                     As1 r1                                          EL-M b1 

Fig. 4. Colonies (2 weeks old culture) of some selected isolated endophytic 
G.diazotrophicus strains on PS agar medium: (M1) strain from Matana sugarcane; 
(As r1) strain from Assiut sugarcane; (EL-M b1) strain from EL- Menia sugarcane. 

 
 

 

 

 

 
 

As2 r1 

Fig. 5. Colonies (2 weeks old cultures) of some selected isolated endophytic 
G.diazotrophicus strains on ethanol agar medium; (As 2 r1) strains from Assiut 
sugarcane. 

   

                                  M2                                                                                                          As2 r1 

Fig. 6. Colonies (2weeks old culture) of some selected isolated endophytic 
G.diazotrophicus strains on glucose agar medium; (M2) strain from Matana sugar-
cane; (As2 r1) strain From Assiut sugarcane. 
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Diagnostic phenotypic and bio-
chemical tests performed for iden-
tification of the isolated strains: 

Table (2) shows the results ob-
tained for the tests performed on the 
isolated strains. 
Cell morphology: 

Optical examination of gram 
stained smears from the agar colo-
nies of isolated strains on LGI plates 
(5 - 7 days old culture) showed non-
spore former unicellular G (-) short 
rods, 1 - 1.5 µ in length and 0.5 µ in 
width. Fig. (7) present scanning elec-
tron microscope photo (10000 mag-
nification) of cells of the isolated 
strain As1 r1 grown on Ps medium. 
The photo shows the same cell de-
scription obtained from optical ex-
amination: unicellular rods 1 - 1.25 µ 
in length x 0.5 - 0.75 µ in width, 
with round ends and non-spore 
formers. 

Cell motility: 
The liquid cultures (3-5 days 

old) of all isolated strains gave nega-
tive results for motility test by the 
hanging drop technique. But, when 
motility of the strains was tested by 
stabbing small part of the agar colo-
nies with straight needle in tubes of 
LGI semi-solid medium (containing 
5 g agar/l), all isolated strains gave 
positive motility results. Fig. (8) 
shows the growth pattern of three of 
the isolated strains in tubes of the 
semi-solid medium after 10 days of 
incubation. 

The positive motility results 
obtained by the stabbing technique is   
probably due to the suitable mi-
croaerophilic conditions and better 
growth of the isolated strains in the 
semi-solid medium in comparison to 
their slow growth in the liquid me-
dium.

  
 

Table 2. Results of phenotypic and biochemical tests performed on isolated strains 
of G.diazotrophicus  

Tests Sugarcane isolates from Assiut, El-
Menia and Matana (14 strains) 

Cell morphology by optical exami-
nation Single G(-), non-spore former rods 

Motility tested by stabbing tech-
nique + 

Growth in tubes of LGI semi solid 
medium 

Sub surface yellow to orange pellicle and 
acid production 

Growth in presence of 1% ethanol ++ 
Growth in presence of 30% sucrose  ++ 

Catalase reaction ++ 

Nitrate reduction -(13)* 
+(1)* 

Phosphate solubilization ++ 
Starch hydrolysis - 
N2-fixing activity  +  (from 12.2- 17.6 mg N/ g sucrose) 

     * Number of strains. 
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Fig. 7. A scanning electron microscope picture for cells of isolated strain As1 r1 
from Assiut sugarcane root (10000 x magnification) for G .diazotrophicus 
growth on PS medium. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Three tubes showing motility of isolated strains inoculated by stabbing in tubes 

of LGI medium containing 0.5% agar.  
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Other biochemical tests performed 
on isolated strains: 

Table (2) shows that all isolated 
strains from sugarcane gave positive 
results for catalase reaction, growth 
in presence of 30% sucrose or 1% 
ethanol and positive phosphate solu-
bilization. But gave negative results 
for starch hydrolysis and nitrate re-
duction tests. The good growth ob-
tained with 30% sucrose in the me-
dium is a distinguishable character 
indicating the ability of this species 
to grow in presence of high sugar 
concentration.  
Ability to use different sugars and 
certain organic materials as sole 
C-source: 

Results in Table (3) indicate 
that most of the isolated strains from 
sugarcane were able to use glucose, 
fructose, rhamnose, arabinose, lac-
tose, maltose, mannitol and citrate as 
sole carbon source for growth in LGI 
medium with acid production in 
most cases. But K-malate was the 
only tested organic substance that 
was not assimilated and used for 
growth by all isolated strains. 

N2-fixing activity of the isolated 
stains: 

The nitrogenase activity of the 
strains determined by the AR assay 
showed great variations, recording 
from 0.04 to 470 n mole ethyl-
ene/ml/hr. the highest  activity was 
recorded for EL-Menia strain (El-
Mb1) isolated from buds, and the 
lowest were recorded for the strains 
isolated from El-Matana sugarcane 
buds (0.04 - 0.8 n mole/ml/hr. The 
reason for this great variation in ac-
tivity of the enzyme determined by 
this technique is not known, but may 
be due to difference in rate of growth 
of the isolated strains and conse-
quently in the enzyme capacity to 
reduce acetylene. On the other hand, 
the capacity of N2-fixation by the 
isolated strains grown for 7-days on 
LGI medium and determined by the 
micro-Kjeldahl technique, gave close 
results, recording between 12.2 - 
17.6 mg N fixed/g sucrose con-
sumed. These results mean moderate 
N2-fixing capacity of the isolated 
strains. 

  
 Table 3. Numbers of isolated strains growing on different sugars and C- sources, 

in replacement of sucrose (10%), in LGI semisolid medium 
Tested C- sources and  

concentrations 
Sugarcane isolates from Assiut, El-Menia and  

Matana (14 strains) 
Glucose 0.5% 14 (+) 
Fructose 0.5% 14 (+) 

Rhamnose 0.5%  14 (+) 

Arabinose 0.5% 12 (+) 
2 (-) 

Lactose 0.5% 14 (+) 
Sucrose 1% 14 (+) 

Maltose 1% 12 (+) 
2 (-) 

Mannitol 1% 12 (+) 
2( -) 

Ethanol 1% 14 (+) 
k.malate 0.5%  14 (-) 

sodium citrate 12(+) with no acid production 
2 (-) 
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Abundance of G.diazotrophicus in 
rhizosphere soil and in tissues of 
sugarcane (cv. C9) grown at Assiut 
Exptl. Farm: 

Table (4) shows numbers of 
G.diazotrophicus in rhizosphere soil 
and tissues of sugarcane (endophytic) 
determined by the MPN technique 
(Alexander, 1982) in two trial deter-
minations and using LGI semi-solid 
medium for cultivation. 

Mean numbers estimated for 
endophytic cells in tissues (roots and 
stem buds) ranged from 2.0 – 15.4 × 
105/g, whereas the numbers in 
rhizosphere soil (associative) were 
lower than those in tissues and ranged 
from 2.6 - 16 x 104 /g soil. These re-
corded numbers indicate the estab-
lishment of this bacterial species in 
both soil and tissues of sugarcane cul-
tivated in Assiut Exptl soil in spite of 
its alkaline pH(8.0 - 8.1) and heavy 
N-fertilization scheme (200 kg N/ 
fed.yr-1) and dry weather of the area. 

The high enumeration results 
obtained in this investigation for 
endophytic G.diazotrophicus in sug-
arcane are in contrast to the reports of 
Fuentes-Ramèrez et al., (1993) and 
Muthukumarasamy., (1995), indicat-
ing that supplementation of N- fertil-
izers in excess severely limit the 
endophytic existence of this species 
in sugarcane tissues. 

The high rhizosphere numbers 
of G.diazotrophicus recorded in the 
present investigation are in accor-
dance with those reported by other 
investigators (Li and McRae., 1991 
and 1992), and are probably due to 
secretion of soluble sugars in root 
exudates and provision of C- sources 
and favorable environment (acidity 
and partial aeration) for flourishing of 
this species in rhizosphere of sugar-
cane. 

 

  
 Table 4. Most Propable No. of G.diazotrophicus in rhizosphere soil and plant parts 

of sugarcane growing in Assiut Experimental Farm 

Sugarcane 
First   

determination* 
(g-1) 

Second  
determination* 

(g-1) 

Mean of the two  
determinations 

(g-1) 
Rhizosphere soil 2.6  × 105 16.0  × 104 21  × 104 

Plant- Roots 2.8×106 2.8  × 105 15.4  × 105 
stem Buds 1.7×104 4.0×105 2.1  × 105 

*Samples were taken on 15/11/2015 and 30/11/2015 in the first and second determina-
tions, vespectively. 
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 المعزولة من قصب السكر Gluconacetobacter diazotrophicusتعريف بكتيريا 
  المزروع فى مصر العليا

  هيثم فتحى أحمد، فريدة حسن بدوى، صلاح محمد محمود، محمود محمد الدسوقى

   جامعة أسيوط-  كلية الزراعة- قسم الأراضى  والمياه

  الملخص 
المنيـا  (بصعيد مصر  ث محافظات من ثلاC9أخذت عينات من نبات قصب السكر صنف 

 ، Gluconacetobacter diazotrophicusلاختبار وجود ووصف بكتيريـا  )  قنا– أسيوط –
جـذور، سـيقان، بـراعم، تربـة منطقـة          (وكذلك تقدير سيادة هذه البكتيريا فى أنسجة النبات         

رية والـصفات    عزلة، وبدراسة الصفات الظاه    ١٤، نتج عن عملية العزل للبكتيريا       )الريزوسفير
  المرجـع الـدولي للبكتيريـا      البيوكيمائية للبكتريا المعزولة كانت مشابهة لتلك التى جاءت فـى         

Bergey’s Manual of Systemic Bacteriology (2005) .   كما أنها لم تـسجل اختلافـات
فى الشكل الخارجي للخلايا أو فى صـفات المـستعمرات أو افـراز الـصبغات أو الـصفات                  

وجية بسبب أختلاف مناطق أخذ العينات أو نظام تسميد النيتـروجين وتراوحـت كفـاءة               الفسيول
 ملجم نتيروجين لكل جرام سكروز مستهلكة فـى بيئـة           ١٧,٦ : ١٢,٢تثبيت النيتروجين ما بين     

LGI            أيضاً تراوحت أعداد البكتيريا المعزولة من القصب النامي فى مزرعـة كليـة الزراعـة ،
جـم تربـة    /٤ ١٠ × ١٦ : ٢,٦جـم نـسيج القـصب و        / ٥ ١٠ ×١٥,٤ :٢,٠بأسيوط ما بين    

  .الريزوسفير
  . الريزوسفير – تثبيت النيتروجين -قصب السكر:  الكلمات الدالة

  


